Utah's Salt Lake valley was the setting for a wintertime study of multiday cold-air pools that affect air quality in urban basins.
A cold-air pool (CAP), defined as a topographic depression filled with cold air, occurs when atmospheric processes favor cooling of the air near the surface, warming of the air aloft, or both. The resulting stable stratification prevents the air within the basin from mixing with the atmosphere aloft while the surrounding topography prevents lateral displacement and favors air stagnation. CAPs are common in mountain valleys during periods of light winds, high atmospheric pressure, and low insolation (Daly et al. 2009 ).
CAPs may be classified as diurnal, forming during the night and decaying the following day, or persistent, lasting multiple days (Whiteman et al. 2001) . Diurnal CAPs are generally dominated by radiational cooling and are often associated with a surface-based temperature inversion. They accumulate in depth throughout the night only to be destroyed the next day by the growth of the convective boundary layer (CBL; Kondo et al. 1989; Whiteman et al. 2008) . These short-lived CAPs have been studied in numerous field campaigns (Neff and King 1989; Clements et al. 2003; Doran et al. 2002; Whiteman et al. 2008; Price et al. 2011) .
Persistent CAPs are considerably more complex and arise because of a multitude of atmospheric processes. At large scales, differential temperature advection and subsidence modulate CAP strength and duration, while mesoscale flows and radiative, turbulent, and cloud processes likewise affect their evolution (Wolyn and McKee 1989; Whiteman et al. 1999 Whiteman et al. , 2001 Zhong et al. 2001; Reeves and Stensrud 2009; Gillies et al. 2010) . When these long-lived CAPs occur within urbanized basins,
The abstract for this article can be found in this issue, following the table of contents. DOI:10.1175/BAMS-D-11-00255.1 In final form 2 April 2012 ©2013 American Meteorological Society the emissions from vehicles, home heating, and industrial sources accumulate within the stagnant air and can lead to hazardous air quality (Reddy et al. 1995; Pataki et al. 2005 Pataki et al. , 2006 Malek et al. 2006; Silcox et al. 2012) . Dense fog, low clouds, and light precipitation may also occur and can adversely impact air and ground transportation.
Despite their societal impacts, persistent CAPs are not thoroughly understood and the mechanisms governing CAP evolution are not well documented because of the limited observational resources available to previous researchers (e.g., Wolyn and McKee 1989; Reeves and Stensrud 2009; Gillies et al. 2010) . Moreover, persistent CAPs are generally inadequately resolved in forecast models, and even small model errors can have large impacts on temperature and air quality forecasts (Reeves et al. 2011) . One source of forecast error is operational turbulent mixing and diffusion parameterizations, which perform poorly in strongly stable environments and complex terrain (Zängl 2002; Fernando and Weil 2010; Baklanov et al. 2011; Baker et al. 2011; Reeves et al. 2011) .
The Persistent Cold-Air Pool Study (PCAPS) addressed the need for modern obser vations capable of resolving the hierarchy of scales affecting persistent CAPs. PCAPS is part of a broader 3-yr investigation supported by the National Science Foundation for which the goals are as follows: to understand the processes governing the life cycle of persistent CAPs, to determine the consequence of these processes on air pollution, and to improve the fidelity of forecasts of persistent CAPs. The remainder of this paper provides an overview of the PCAPS experiment design, instrumentation, and initial research findings.
T H E PE R S I S T E N T C O L D -A I R P O O L STUDY.
The Salt Lake valley. PCAPS was conducted in the Salt Lake valley (SLV) of northern Utah (Fig. 1) .
The SLV (~1,300 MSL) is a small portion (~30 km 2 ) of a larger basin encompassing much of northwest Utah including the Great Salt Lake (GSL). It is home to ~1 million residents. The valley is confined by the Wasatch (~3,000 MSL) and Oquirrh (~2,500 MSL) Mountains to its east and west, respectively, and separated from the neighboring Utah valley to its south by the lower Traverse Mountains. The Jordan Narrows gap allows exchange of air between the two valleys (Chen et al. 2004; Pinto et al. 2006) . A series of steep east-west-trending canyons is incised into the Wasatch while the Oquirrhs feature comparatively broad slopes.
CAPs are common in the SLV during winter and often accompanied with unhealthy air quality and occasional episodes of dense fog. The 24-h mean concentration of fine particulate aerosol with diameters less that 2.5 μm (PM 2.5 ) often exceeds the National Ambient Air Quality Standard (NAAQS) of 35 μg m −3 during persistent CAP episodes (U.S. EPA 2011; Silcox et al. 2012) . High levels of carbon dioxide, carbon monoxide, and ozone may also occur (Pataki et al. 2005 (Pataki et al. , 2006 . Emergency room visits with a primary diagnosis of asthma are suggested to be 42% higher during the late stages of prolonged CAP events compared to non-CAP days (Utah Asthma Program 2010). Public awareness of the adverse health effects of inversions (the colloquial term for CAPs) is increasing and a number of local groups are advocating steps to reduce them.
Experiment design. University of Utah graduate students played a prominent role in the experimental design and implementation of the PCAPS field campaign. In collaboration with the project's principal investigators, they devised a two-tiered observational strategy for documenting the life cycle of persistent CAPs. First, continuously operating meteorological instruments were distributed throughout the Salt Lake valley to provide data during the entire field campaign. Second, intensive observation periods (IOPs) were declared whenever a CAP was expected to form and persist for more than one day. During each IOP, additional resources were deployed to target the specific physical processes expected to impact CAP evolution. Real-time observations from PCAPS instrumentation were subsequently used to fine-tune IOP operations as each event unfolded.
Instrumentation. In this section, we detail the observing platforms used during PCAPS. Observing sites are shown in Fig. 1 , and photographs of many of the instruments are included in Fig. 2 .
Two N a t i o n a l C e n t e r f o r At mospher ic Resea rch (NCAR) radar wind profilers, a scanning pulsed Doppler lidar, and a minisodar (Figs. 2d-f) provided continuous observations of winds above the SLV during PCAPS. The radar wind profilers (915 and 449 MHz), located in the valley center, characterized the wind shear within and above (~200-3,000 m AGL) each CAP as well as the occasional penetration of strong winds into the valley atmosphere. Changes in wind occurring closer to the ground (20-200 m AGL) were determined with the minisodar that was situated near the GSL to observe land and lake breezes. The lidar provided additional observations of winds aloft along the western edge of the SLV.
The vertical temperature structure within the SLV was observed with a Radio Acoustic Sounding System (RASS; Fig. 2e ), which operated in concert with the 915-MHz radar. Data from the RASS provide high temporal sampling during periods of rapid transition. Additional measurements of temperatures aloft were collected with a microwave radiometer.
A laser ceilometer, located at the NCAR Integrated Sounding System (ISS) site, ~0.5 km south of the profilers, was used to measure aerosol and hydrometeor backscatter (Fig. 2g) . These data are particularly useful in visualizing boundary layer structure and provide an objective indication for the presence of low and midlevel clouds.
SURFACE METEOROLOGICAL STATIONS.
Monitoring the complete surface energy balance at seven locations distributed throughout the SLV (Fig. 1) was of fundamental importance during PCAPS. These sites were chosen to span the geographical extent of the valley and to represent varying land use, ranging from urban to agricultural. Each location housed an NCAR Integrated Surface Flux Station (ISFS) equipped with a threedimensional (3D) sonic anemometer, fast response temperature and humidity sensors, solar and terrestrial radiometers, and soil temperature probes (Fig. 2a) .
Five automated weather stations (Fig. 2b) were installed at the south end of the SLV along a vertical transect of the Traverse Mountains (Fig. 1) to monitor variations in wind, temperature, and humidity during CAPs. These sites are also useful in diagnosing a cross-barrier exchange between the Utah and Salt Lake valleys (Chen et al. 2004; Pinto et al. 2006) .
Additional vertical profiles of temperature and humidity were established with Hobo dataloggers distributed at 50-m elevation increments along three transects: one ascending a prominent ridge on the west slope of the Wasatch Mountains and two along the east slopes of the Oquirrh Mountains. Recording measurements every 5 min, these dataloggers provide temperature pseudosoundings capable of documenting rapid changes in the vertical thermodynamic structure.
The PCAPS field campaign also benefitted from more than 100 preexisting surface meteorological stations distributed in and around the SLV. These data, available through MesoWest , provide observations of the spatial heterogeneity within the CAPs.
An air quality observation network, operated by the Utah Division of Air Quality (DAQ), provided hourly and 24-h mean measurements of criterion pollutants, including concentrations of PM 2.5 . This network was supplemented by a line of PM 2.5 samplers that ran up a sloping neighborhood at the north end of the SLV (Silcox et al. 2012 ).
IOP OBSERVATIONS. Radiosondes launched from the NCAR ISS site provided the principal observations of CAP thermodynamic structure during each IOP. Over 115 Vaisala radiosondes were launched throughout the project, augmenting the 138 regularly scheduled twice-daily National Weather Service (NWS) soundings deployed at the nearby Salt Lake International Airport (Fig. 1) . The temporal interval of the ISS soundings ranged from once every 3 h during periods of rapid transition to once a day for routine monitoring of CAPs.
Three additional mobile radiosonde systems (Graw) were used at sites throughout the SLV to provide contemporaneous thermodynamic profiles during targeted observations of lake-breeze fronts, periods of differential sidewall heating, canyon drainage flows, and partial "mix out" of the CAP during strong winds. In total 57, Graw radiosondes were deployed, significantly enhancing sampling of the spatial variability in CAP vertical structure.
A powered paraglider ( Fig. 2j ) equipped with temperature, humidity, and pressure sensors was used on 5 IOP days to perform horizontal boundary layer transects and repeated vertical profiles. Some of the unique observations collected by the paraglider are described in the sidebar.
In addition to enhanced upper-air observations, surface meteorological measurements were augmented during IOPs by two vehicles equipped with GPS and wind, temperature, humidity, and pressure sensors. These vehicles recorded horizontal variations in CAP structure (Fig. 2i) .
Participants. PCAPS was a collaboration of university and government scientists, graduate and undergraduate students, and interested members of the community. Faculty and students at the University of Utah formed the core of the PCAPS operations and science team, while scientists from the NCAR installed, maintained, and operated the principal observing platforms. Collaborators from San Francisco and San Jose State Universities provided additional instrumentation and expertise.
Taking advantage of the general interest in our local inversions, over 50 students and members of the community at large were recruited to participate in PCAPS. The urban and residential setting of PCAPS then facilitated over 500 h of volunteer service time, which included assistance with launching weather balloons, driving mobile meteorological stations, supporting motor-glider operations, installing and siting meteorological instruments, and forecasting CAP evolution. Figure 3a shows a measure of CAP strength within the SLV for the entire PCAPS period in terms of the potential temperature deficit. This deficit, calculated from ISS and NWS radiosonde data, is the difference between the potential temperature at each level and the potential temperature at the crest of the confining topography (2,500 m). Generally, large (small) deficits indicate a strongly stable (well mixed) atmosphere within the valley. Multiday CAP episodes (identified by using a deficit threshold of 8 K) were punctuated by short windows of weaker stratification usually A powered paraglider, piloted by Chris Santacroce, was used to collect unique observations during PCAPS (Fig. 2j) . A radiosonde was attached to Chris's helmet as he sampled cross sections and vertical profiles of boundary layer temperature and humidity. Powered paragliders can fly at very low speeds without stalling (around 7-10 m s −1 ), which allows for sampling of the air by a human pilot. Imagine being able to ask a weather balloon to stop at a certain height, sample a cross section, and spiral back to the ground! The paraglider was particularly useful in observing the boundary layer over the Great Salt Lake shoreline. Since the SLV opens to the north into the broader lake basin, air over the lake acts as a reservoir for colder, higher-humidity air during CAP events. A flight was conducted over the southeast shore during the inland movement of a lake-breeze front on 13 December 2010. As shown in Fig. SB1 , the ascending (descending) flight occurred just before (after) the onshore movement of the colder, higher-humidity air associated with the lake breeze. The front subsequently penetrated the entire SLV in about three hours, rapidly strengthening the low- level inversion. The marked influence of lake-breeze fronts in replenishing low-level CAPs was observed on several occasions during PCAPS. This cold and higher-humidity air from over the lake is also a major contributor to dense fog episodes and resulting flight delays at the nearby Salt Lake City International Airport. Forecasting the formation and breakup of such dense fog episodes remains a challenge.
INITIAL FINDINGS. CAPs and air pollution.

PARAGLIDER OBSERVATIONS OF A LAKE-BREEZE FRONT
associated with the passage of synoptic-scale weather systems. Persistent CAPs of varying strength, duration, and depth are included in the 10 IOPs (Fig. 3a) . Pertinent details for each IOP, including a brief life cycle synopsis, are presented in Table 1 . Figure 3b presents the daily 0000-0000 mountain standard time (MST; MST is UTC plus 7 h) average PM 2.5 concentration measured in the valley during PCAPS. By comparing the top and bottom panels of Fig. 3 , it is apparent that both CAP strength and duration affect the concentration of fine particulate aerosols, though variations in emissions may also play a role (e.g., reduced commuter traffic proximal to the Christmas holiday, 24-26 December 2010, during IOP 4). During each of the four longest CAPs (IOPs 1, 5, 6, and 9), PM 2.5 concentrations exceeded the NAAQS. Haze and cloud layers of varying depth were visible during many of these events (Fig. 4) .
CAP vertical structure.
A wide variety of thermodynamic profiles were observed during PCAPS, a representative sample of which is provided in Fig. 5 . Following Whiteman et al. (2001) , these differing thermodynamic structures arise from the following: 1) differential heating in the vertical, 2) advection of air with different stability, 3) differential temperature advection, 4) shrinking and stretching of the column, and 5) vertical advection of the lapse rate. Figure 5a presents a "classic" nocturnal inversion near the end of IOP 3, which forms, in part, by differential cooling within the column. Following a night of clear skies and radiational cooling, the temperature inversion extends from the surface to 830 hPa, above which the temperature decreases at a nearly adiabatic rate. Conversely, the dewpoint temperature decreases rapidly with height, reaching a minimum at the top of the inversion layer. Veering winds occur above the CAP, while weak winds are observed near the surface.
The impact of boundary layer clouds on CAP structure is evident in Fig. 5b , which was collected during IOP 9. A layer of stratocumulus clouds between 850 and 810 hPa is capped by a strong inversion. Radiative cooling at the cloud top contributes to the formation of the sharp elevated inversion and weak moist convection within and below the cloud layer leads to the nearly moist adiabatic lapse rate below. Similar thermodynamic profiles were observed during IOPs 1, 4, 5, and 9, reflecting that CAPs with stratiform clouds often exhibit internal mixing and are not characterized by continuous strong stability extending from the surface upward.
On some occasions, clouds and precipitation were observed within CAPs without substantive vertical mixing. For example, during IOP 6 snow falling from clouds aloft resulted in evaporative cooling and eventual saturation within the CAP but did not generate overturning (Fig. 5c) . The temperature inversion in this case was somewhat weakened but the CAP nonetheless persisted for an additional 3 days. Though CAPs are often associated with clear weather conditions, significant cloud cover and occasional precipitation accompanied many of the CAPs during the field campaign.
Sy noptic-sca le subsidence was commonly observed during the onset of CAPs during PCAPS. This process typically generates an elevated stable layer accompanied by extremely low dewpoint temperatures (Fig. 5d) . The dryness of the layer, which is presu med to resu lt f rom ad iabat ic warming, helps to distinguish it from warming due to horizonta l wa rm-a ir advect ion. This TABLE 1. Overview of PCAPS IOPs. The albedo is calculated from the mean of the seven ISFSs (higher values are a proxy for snow cover). Maximum PM 2.5 (µg m −3 ) are from 0000-0000 MST (0700-0700 UTC) daily averaged data collected at DAQ valley sites. The number of radiosondes launched during an IOP is the total of twice-daily NWS sondes, ISS sondes, and University of Utah sondes. Refer to Fig. 1 particular subsidence inversion can be traced from one sounding to the next as it descended into the valley atmosphere during the beginning of IOP 4. Strong southerly winds acted over the next 2 days to displace and erode the CAP (Fig. 5e) . At that time, a shallow surface-based inversion was observed beneath a moderately stable and mechanically mixed layer. Winds near the ground were light but exceeded 15 m s −1
immediately above the temperature inversion. The resulting wind shear across the top of the CAP is significant during this case, suggesting that turbulent mixing is likely. These extremely shallow inversion layers are occasionally visually striking due to sharp vertical gradients in humidity and aerosols (e.g., Fig. 4c ).
Multiple stable layers were observed on many occasions during PCAPS (Fig. 5f, IOP 5) , generally arising from two or more of the processes that control static stability. In this particular case, two elevated inversions are present, one near the mountain crest and another within the valley. Tenuous cloud layers are found near the base of both inversions. The specific mechanisms that formed these two features are not clear, though synoptic-scale subsidence, warm-air advection, and cloud-top radiative cooling are all potential sources.
CAP life cycle. The duration, complexity, and high levels of air pollution observed during IOP 5 illustrate the life cycle of CAPs. This particular CAP occurred during the quiescent interlude between two major storms, and both upper-level synoptic-scale and nearsurface local-scale forcing influenced its formation, maintenance, and breakup. The thermodynamic signatures of these processes are summarized in Fig. 6 , which shows a time-height diagram of potential temperature within and above the SLV as measured by a combination of ISS and NWS radiosondes. CHANGES ALOFT: SYNOPTIC-SCALE MODULATION. Changes in temperature aloft are easily visualized by variations along the trace of the 285-K adiabat in Fig. 6 . As the antecedent storm departed on 1 January, a period of rapid warming, indicated by the steep descent of the 285-K contour, was observed above the SLV. The nearvertical orientation and tight packing of isentropes during this period suggest strong horizontal gradients in vertical motion, consistent with localized subsidence found along the back edge of upper-level troughs. The combination of continued subsidence and increased differential warm-air advection is reflected by the continued descent of the 285-K isentrope into the SLV during the subsequent 24 h. As the region of warming and strong stability entered the upper reaches of the valley atmosphere, it formed a capping inversion layer and effectively initiated the CAP late on 1 January. The 285-K adiabat subsequently became horizontal during 2-3 January, which may result from differential vertical motion concentrating and tilting the potential temperature gradient within the elevated inversion layer.
A weak trough moved across the region on 4 January and led to a period of cooling aloft. Correspondingly, the 285-K isentrope ascended rapidly. The cooling and elevated mixing along the top edge of the inversion weakened but did not destroy the CAP. Warming aloft resumed by the next day (5 January), restoring and then augmenting the capping inversion. From 6 to 8 January, strong anticyclonic flow above the CAP generated a prolonged period of warming throughout the lower and midtroposphere because of a combination of advection and subsidence.
Beginning late on 8 January, a cold upper-level trough and associated arctic front approached the region from the north. Cold-air advection and synoptic-scale ascent rapidly cooled the atmosphere above the valley, effectively "peeling back" the top of the CAP. The midtropospheric cold front arrived on 9 January and completely removed all of the remaining ambient stability, bringing an end to IOP 5. Despite the robust upper-level baroclinicity, the change in surface temperature during the frontal passage was negligible because of the cold air within the CAP.
BOUNDARY LAYER EVOLUTION. Boundary layer processes also contribute to the CAP evolution during IOP 5 (Fig. 7) . Diurnal variations in the net radiation at the surface (Fig. 7b) contribute to alternating nocturnal surface inversions and daytime convective boundary layers, which are identified by the near-surface domeshaped patterns in potential temperature (Fig. 7a) . These diurnal variations in thermodynamic structure take place beneath the synoptically evolving stable layers aloft.
The strongest nocturnal surface inversions occur during clear nights (1, 2, 5, and 6 January), while weaker near-surface stratification is observed when clouds, either aloft or within the boundary layer, limit radiational cooling. For example, weak surface inversions, less negative net radiation, and greater mixing are observed on the nights of 3 and 4 January when thin altostratus cloud s , appa rent a s strong returned power from the laser ceilometer, are present near the mountain-top level (Fig. 7a) . The ceilometer also indicates the formation of stratiform boundary layer clouds overnight on both 7 and 8 January. Following a n i n it ia l per iod of r a d i at ion a l c o ol i ng du r i ng t he eveni ng, these clouds form near the interface between t h e c a p p i n g s t a b l e layer and the decaying convective boundary layer. In both instances, the cloud base lowers through the night with su r face fog formi ng du ri ng t he predaw n hours. Similar to the sounding in Fig. 5b , t he t her mody na m ic structure during these nights indicates a moist adiabatic layer topped by a sharp inversion. On 8 January, the combination of cloud-top radiative cooling with synoptic-scale warming aloft yields a potential temperature deficit of ~25 K, the strongest deficit during PCAPS. Of note, hourly PM 2.5 concentrations in excess of 90 μg m −3 were observed during this period (not shown).
An additional striking feature of the boundary layer evolution during IOP 5 is the vertical and temporal distribution of aerosol, which is indicated by higher levels of backscatter near the surface in Fig. 7a . Taken within the context of the potential temperature structure (Fig. 7a, contours) and net radiation (Fig. 7b) , it is apparent that aerosol depth and concentration vary diurnally. The maximum aerosol depth tends to occur in the evening [0000 UTC (1700 MST)], which lags from the time of maximum heating, while the minimum depth occurs overnight. Careful examination of Fig. 7a indicates that aerosols are found within the stable layers aloft, which suggests that circulations within the CAP, generated in part by diurnally varying slope and valley thermal flows, may contribute to the three-dimensional transport of aerosols. However, the flow within the valley is very complex, with some locations showing clear diurnal wind signatures (Fig. 7c) , while others indicate varying flow patterns (Fig. 7d) or even periods of interbasin exchange (Fig. 7e) .
CAP mix out. Pseudowarm fronts are sometimes obser ved during the brea kup phase of CAPs (Whiteman et al. 2001) . Referred to as mix out by local forecasters, such events are known to occur within the SLV when strong winds preceding an approaching storm interact with a CAP. PCAPS IOP 1 provided an excellent example of this phenomenon (Fig. 8) . Strong southerly f low developed above the CAP as a synoptic-scale trough approached the region. Southerly winds were observed to first penetrate to the surface along the southern and western portions of the valley, displacing the CAP to the north (Fig. 8a) . The boundary between the cold, moist air within the CAP and the warm, dry, and mechanically mixed air to the south form a pseudowarm front. This boundary progressed northward throughout the night as winds aloft increased (Fig. 8b) . By 0600 UTC, the warm front passed over the ISS site, providing a burst of strong southerly winds (Fig. 8h) and a rapid jump in temperature (Fig. 8g) . Two hours later, as the weak trough passed over the region, the CAP returned southward now as a pseudocold front (Figs. 8d,e) . Temperatures returned to their previous values accompanied by northerly winds. By 1400 UTC, the cold front propagated south through the entire valley, restoring CAP conditions to all locations (Fig. 8e ).
SUMMARY AND FUTURE RESEARCH.
The Persistent Cold-Air Pool Study (PCAPS), conducted in Utah's Salt Lake valley, provides observations of the meteorological processes affecting the life cycle of persistent CAPs. During the 2-month-long field campaign, 10 intensive observation periods yielded a dataset that includes ~250 radiosonde observations, continuous profiles of wind and temperature, boundary layer characterization, numerous surface meteorological observations, and energy budget measurements. This dataset (available at http://pcaps.utah .edu) provides a foundation for detailed analyses and numerical experiments related to persistent CAPs. Initial analysis of data collected during PCAPS demonstrates a coherent link between strong longlived CAPs and high concentration of fine particulate aerosol. Silcox et al. (2012) further explore this relationship, finding a dependence of PM 2.5 not only on CAP strength but also on altitude. Work underway will elaborate on these findings, both within the PCAPS period and over a broader climatological span. Researchers are also examining the deposition of particulate pollution and variations in carbon dioxide concentrations during persistent CAP events.
Not surprisingly, our initial analyses demonstrate the complexity of CAP evolution, with changes in CAP structure arising because of synoptic-scale advection and subsidence; mesoscale boundary layer flows; and radiative, turbulent, and cloud processes. Several research efforts are underway to directly target the relative role of these processes. For example, the high temporal and spatial resolution of the PCAPs data provides an opportunity to test theories for CAP removal due to regional pressure gradients (Zängl 2003) and turbulent erosion (Petkovsek 1978; Zhong et al. 2003) . Additional investigations are targeting the role of thermally driven circulations within CAPs, including the impact of lake breezes and variations in land surface characteristics on CAP evolution. We also expect that this dataset will serve as the basis for numerical modeling of the PCAPS IOPs, an effort to be lead by scientists at the University of Michigan. This work will help to establish the comparative importance of processes occurring at large and small scales and may improve forecasts for these high-impact events.
In addition to these targeted research topics, many more questions remain as to the evolution of persistent CAPs. One such example is the difficult to forecast transition between cloud-free and cloudfilled CAPs (R. Graham and L. Dunn, NWS, 2010, personal communication) . We hope that the PCAPS dataset will serve as a resource for members of the meteorological and air quality research communities interested in addressing problems pertaining to persistent CAPs.
